Thus, the objectives of the present study were to verify subclinical infection with R.s. in chum salmon propagated in Hokkaido, examine the persistence and proliferation of R.s. cells in subclinically infected fish in association with their growth, and determine whether viable R.s. cells could reside in surface mucus of the fish as well as in kidney tissue.
Materials and Methods

Fish
Two groups of chum salmon, hatchery reared fish and laboratory-reared fish, were used in the study.
Hatchery reared fish
Eggs of returning adults were artificially inseminated and reared at a hatchery, which belongs to the Hokkaido Salmon Resources Association and was reported as Site A in Suzuki et al. (2017) , until fry stage for approximately 5 mo.
Individual kidney tissue samples were collected from 20 randomly selected chum salmon fry at the hatchery where BKD had not been reported, in March, April, and May 2016 just before release of the fish from the hatchery for their seaward migration (Table 1) .
Wet-laboratory reared fish
Approximately 1,000 chum salmon fry (mean weight, 0.5 g) were transferred from the hatchery to a wet-laboratory at the Salmon and Freshwater Fisheries Research Institute (Eniwa, Hokkaido) in March 25, 2016, and reared in 60-L tanks supplied with well water, maintained at 8°C-10°C, and fed a commercial dry pellet (at 2% body weight) daily. Fish were periodically collected from the wet lab from April 19, 2016 through January 4, 2017 (Table 1) . At each sample time, kidney tissue samples were collected individually from ten-20 fry or juveniles. In addition, surface mucus samples were collected individually by skin scrapes from 20 live juveniles in November 21, 2016 and January 4, 2017.
Clinical examination for BKD
Bacterial culturing was conducted for the kidney tissue samples, obtained from ten individual fry or juveniles from March 2016 through November 2017 (total 180 individuals), using selective kidney disease medium (SKDM) agar (Austin et al., 1983) . The SKDM agar plates were incubated at 15°C for 12 wk. Other fish reared in the wet-laboratory were meanwhile observed for their swimming and feeding behavior, as well as examined for external or internal disease signs of BKD, such as darkened body color, ascites, exophthalmos, skin petechiation, off-white region of kidney, spleen and liver, and opaque false membrane covering any of the major internal organs, and enlargement of the spleen.
DNA extraction
DNAs were extracted from 50 mg of the kidney tissue or surface mucus samples from the chum salmon fry or juveniles using a SepaGene Kit (Eidia). The extracted DNAs were dissolved in 50 μL of ultrapure water, hence one micro liter of the DNA solution contained DNA from 1 mg of kidney tissue or surface mucus.
nPCR assay for msa gene
An nPCR was performed according to Pascho et al. (1998) , with slight modifications. Briefly, the 25-μL reaction mixture contained 12.5 μL of AmpliTaq Gold 360 Master Mix (Applied Biosystems), 0.5 μM of each primer; P3 and M21 , and 2 μL of DNA solution. In the second-round PCR, 1 μL of a firstround PCR product was used as the template DNA. The amplification program of the first-round PCR consisted of one cycle of 95°C for 10 min, followed by 30 cycles of 94°C for 30 s, 60°C for 1 min and 72°C for 1 min. The second-round PCR amplification program was the same as that of the first-round PCR but used the primer pair of P4 and M38 . The detection limit of the assay was one-nine genome copies/μL DNA solution in a reaction volume, and was more sensitive than the qPCR assay used in this study, as described below. The nPCR assay produces a 320 bp amplification product, whereas the size of the amplification product by first-round PCR is 383-bp . A volume of 8 μL of the nPCR product was mixed with 2μL of 6× loading dye and were run in 2% agarose gel at 100 volt with 1× TAE buffer followed by visualization in Printgraph-E shot II System (Atto). All-purpose Hi-Lo DNA marker (Bionexus) was used as a DNA size marker. DNA extracted from the cultured R.s. strain ATCC33209 was used as a positive control.
qPCR assay for msa gene
A qPCR was conducted as described previously by Suzuki and Sakai (2007) , with slight modifications. Briefly, the 25-μL reaction mixture contained 12.5 μL of TaqMan Universal Master Mix II with UNG (Applied Biosystems), 0.9 μM of each primer (1177F and 1313R), 0.4 μM TaqMan probe (1231T), and 2.5 μL of DNA solution. The amplification program consisted of one cycle of 95°C for 10 min, followed by 40 cycles of 95°C for 15 s and 60°C for 1 min. Reactions were performed in Applied Biosystems QuantStudio 6 Flex qPCR system. DNA extracted from the cultured R.s. strain ATCC 33209 was 10-fold serially diluted with ultrapure water at 1.0 × 10 1 -1.0 × 10 7 genome copies/μL and used as standard samples. The detection limit of qPCR was ten genome copies/μL DNA solution in a reaction volume. The qPCR was performed for a DNA sample positive for R.s. genome in nPCR, since nPCR was more sensitive than the qPCR used in this study.
Total RNA extraction
An approximately 20-30-mg sample of kidney tissue or surface mucus per fish was collected, mixed with 500 μL of RNA later RNA stabilization solution (Ambion), and subsequently stored at 4°C for 24 h. Following removal of the RNA later, the samples were stored at -80°C. Total RNA was extracted from the kidney tissue and surface mucus samples using NucleoSpin RNA plus Kit (Macherey-Nagel) according to the manufacturer's instructions. DNA in the samples was digested with Recombinant DNase I (Macherey-Nagel). RNA purification was conducted using NucleoSpin clean-up XS Kit (Macherey-Nagel). Finally, the RNA solution contained total RNA extracted from 1 mg of kidney tissue or surface mucus per 1 μL of RNase-free water in the kit. Finally, the absence of DNA in the RNA solution was confirmed by nPCR, as described above.
RT-nPCR assay for msa mRNA
RT-nPCR was performed for RNA samples with no detectable amount of DNA as confirmed by nPCR (described above). The 50-μL reaction mixture contained 25 μL of 2×RT-PCR Quick Master Mix (TOYOBO), 2.5 mM manganese (II) acetate, 0.5 μM of each primer P3 and M21 , and 1 μL of RNA solution. The amplification program was one cycle of 90°C for 30 s, 60°C for 30 min, 94°C for 1 min and 30 cycles of 94°C for 30 s, 60°C for 1 min, 72°C for 1 min, and one cycle of 72°C for 7 min. The second-round PCR protocol of the RT-nPCR was the same as those in the nPCR assay described above. RT-nPCR was performed for RNA samples of individual fish that were positive for the R.s. genome in the nPCR. The RT-nPCR assay produced a 320-bp amplification product, whereas the size of the amplification product by RT first-round PCR was 383-bp . The RT-nPCR assay product was visualized as described above.
Results
Clinical examination for BKD
Neither overt disease signs of BKD nor associated mortality among the chum salmon was observed during the study, which ran from March 25 through May 10, 2016 in the hatchery reared fish, and from April 19, 2016 through January 4, 2017 in the wet-laboratory reared fish (Table 1) . No live R.s. cells were obtained from the kidney tissue samples tested (from 180 individuals) by culture on SKDM agar plates.
Kidney tissue samples
Using kidney tissue samples, genome (msa gene) and msa mRNA of R.s. were respectively detected by nPCR and by RT-nPCR. In agarose gel electrophoresis, an amplification product was obtained as an obvious 320-bp band by both the assays. These positive samples showed no bands after the first-round PCR of both assays (data not shown). Chum salmon fry in the hatchery reared fish showed 100% prevalence of the genome in samples from March 25 and April 28, 2016, but then prevalence dramatically dropped to 5% in May 10, 2016, just before release of the fish from the hatchery for their seaward migration (Table 1) . A similar trend was recorded for the wet-laboratory reared fish, that had been transferred from the hatchery and reared in the wet lab at the Salmon and Freshwater Fisheries Research Institute, wherein prevalence in the samples was 70% in April 19, but declined to 0%-20% by May 9 and 10, 2016. Thereafter, prevalence rose to 100% in August 9 and 23, 2016, but declined to 55% in November 21, 2016, and then rose again to 90% in January 4, 2017.
Number of the R.s. genome was 1.0-4.2 Log copies/mg of kidney tissue in March, April, August 2016 and January 2017, when prevalence of the R.s. genome was especially high, at 90%-100%, as detected by nPCR. Thus, detection levels (prevalence and intensity) of R.s. in the kidney tissue was relatively high in March, April and August 2016 and in January 2017, and relatively low in May and November of 2016.
The positive rate of the mRNA was 5%-70% during the course of the study, except in May 2016 when no mRNA detection was recorded (Table 1 and Fig. 1) .
Surface mucus samples
A sufficient amount of surface mucus (approximately 80 mg) for extraction of DNA and RNA could be obtained from an individual fish weighing more than 14 g by scraping the fish's skin. R.s. genome and mRNA were detected in the surface mucus samples (Table 2) . These positive samples showed no bands after firstround PCR both of nPCR and RT-nPCR, as the same as for the kidney tissue samples (data not shown).
Surface Table 2 ). The number of individuals positive for the bacteria at both sample sites (mucus and kidney) by nPCR was 20 out of 40; the number of individuals negative for the bacteria at both sample sites was 5 out of 40. Positive rate for the mRNA was 22.5% in surface mucus and 25% in kidney tissue; the number positive for both sample sites, as detected by RT-nPCR, was 5 out of 40 individuals. All the samples collected in November 21, 2016 were negative for R.s. in qPCR. In samples from January 4, 2017, the number of R.s. genome was 1.8-2.6 Log copies/mg of surface mucus, and 1.0-4.2 Log copies/mg of kidney tissue.
Discussion
Subclinical infections with R.s. appears to exist in chum salmon in Hokkaido. The present research clearly revealed that kidney tissue and surface mucus from asymptomatic chum salmon fry and juveniles contained detectable amounts of bacterial genome (msa gene) copies and msa mRNA copies. This is the first report to verify subclinical infection with R.s. among chum salmon fry and juveniles in Japan. R.s. has been reported to exist as subclinical infections in the kidneys of asymptomatic salmonids elsewhere (Mayers et al., 1993; Lovely et al., 1994; Starliper and Teska, 1995; Griffiths et al., 1996; Jo'nsdo'ttir et al., 1998; Hall et al., 2015) . Previous studies have shown live R.s. cells, by culture or by immunodiagnostic techniques for major soluble antigen of R.s. (the product of msa gene) in kidney tissue samples. The present study established the presence of the msa mRNA in both kidney tissue and surface mucus of asymptomatic chum salmon. Revealing the presence of viable R.s. cells in fish tissue is likely aided by the short half-life of bacterial mRNA, which can be measured in minutes (Belasco, 1993; Kushner, 1996; Rauhut and Klug, 1999) and is probably a good indicator of bacterial cell viability (Bej et al., 1996;  , 19 May, 9 May, 10 Aug, 9 Aug, 23 Nov, 21 Jan, 4 Prevalence (%) Sampling date Klein and Juneja, 1997; Sheridan et al., 1998; Coutard et al., 2005; Elliott, 2012) . The msa mRNA has been sought to detect viable R.s. cells in kidney tissue and ovarian fluid through RT-PCR (Cook and Lynch, 1999) and RT-qPCR (Powell et al., 2005; Suzuki and Sakai, 2007; Halaihel et al., 2009; Metzger et al., 2010) , as performed in this study.
In this study, the source of R.s. in the subclinically infected chum salmon, which originated from the hatchery, remains unclear. It is possible that the bacterium was vertically transmitted from the ovarian fluid of the female broodstock to the resulting fry reared in this study. Renibacterium salmoninarum can be transmitted either horizontally or vertically through gametes to offspring (Murray et al., 1992; Elliott et al., 1995; McKibben and Pascho, 1999; Okuda et al., 2006) . In a previous investigation, we detected R.s. genome by nPCR in the ovarian fluid of returning chum salmon collected from seven or eight rivers (hatcheries) in Hokkaido, wherein prevalence in the samples was 0%-30% in 2005 (Suzuki and Sakai, 2007) , 0%-90% in 2015 0%-90% in , and 12%-98% in 2016 0%-90% in (Suzuki et al., 2017 . Especially, estimated prevalence at the hatchery, from where the asymptomatic chum salmon fry examined in this study were derived, was 90% in 2015.
In this study, the R.s. genome (msa gene) and the msa mRNA were detected in both the chum salmon (body weight, 0.5-1.9 g) reared at the hatchery from March through May, just before release of the fish, and the wet-laboratory reared fish (body weight, 0.5-26.3 g) reared under wet-lab conditions (running well water at relatively constant temperature of 8°C-10°C) from March through January (10 mo). The results clearly indicate that viable R.s. cells persisted for at least 10 mo in the kidney tissue of asymptomatic chum salmon. Details on the persistence and proliferation of R.s. cells in the life cycle of subclinically infected chum salmon remains unknown. Therefore, future studies that use subclinically infected fish in later life stages will be needed, since BKD is a chronic disease and the incidence of mortality among infected fish increases when they grow and enter seawater (Banner et al., 1983 (Banner et al., , 1986 Sanders et al., 1995; Moles, 1997) .
Prevalence of R.s. genome in the samples of kidney and surface mucus was 50%-100%, except for May 2016 when prevalence was 0%-20%, both in the hatchery reared fish and the wet-laboratory reared fish. Physiological changes in host induced by changes of water temperature, water quality, nutritional status, and hormone balance during smoltification and spawning may elicit progression of BKD (Munro and Bruno, 1988; Evenden et al., 1993; Jo'nsdo'ttir et al., 1998; Mesa et al., 2000; Purcell et al., 2016) . The wet-laboratory reared fish were kept in a relatively stable water temperature of 8°C-10°C throughout the study. Nevertheless, environmental and biological conditions other than the rearing water temperature might have influenced the results. Maule et al. (1987) reported that in coho salmon O. kisutch immune system is depressed during smoltification, and it may trigger a proliferation of R.s. in subclinically infected fish. Mesa et al. (1999) also suggested this in chinook salmon O. tshawytscha during smoltification. Discrepancies between these studies and our results in chum salmon may depend on differences of fish species, R.s. strains and infection levels.
The results of this study show that kidney tissue and surface mucus are both sites where viable R.s. bacterium reside in subclinically infected chum salmon fry and juveniles. As noted above, previous researchers have shown the presence of viable R.s. cells in the kidneys of asymptomatic salmonids; however, in our knowledge, this is the first report on the presence of viable R.s. cells in the surface mucus of a subclinically infected salmonid. Live fish pathogens other than R.s. have been reported in the surface mucus of some salmonids. For example, A. salmonicida was detected by culture in the surface mucus of salmonids that were asymptomatic carriers of the pathogen as well as individuals with systemic infection (Cipriano et al., 1992) . Infectious hematopoietic necrosis virus was detected in the surface mucus of naturally and experimentally infected salmonid juveniles and adults (LaPatra et al., 1989) . Further research is merited to discover the distribution of viable R.s. cells in other tissues of subclinically infected salmonids.
